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Lesson 1: The Scientific Method 
 
Slide 1: Introduction 
 
Welcome to Fascinating Education. I think you’ll enjoy what 
we do here because I’m going to show you how to map it 
out, work it out, figure it out, and puzzle it out.  I will not let 
you tire out, fizzle out, wear out, bottom out, or wipe out, 
and I definitely will not let you chicken out, hide out, cut 
out, cancel out, bow out, or even check out. But when 
you're done, I guarantee you'll be stepping up, stepping out, 
stepping every which way because you will have hammered 
it out, and flat out figured it out. Let’s go. 
 

Slide 2: Scientific method in steps 
 
I want to begin by asking you what you think is in this 
square glass vase. There is no right or wrong answer; I 
just want to know what you think.  
 
I’m going to guess that the glass vase is filled with milk, 
or maybe Elmer’s glue, possibly mayonnaise, or maybe 
some kind of powder. 
 
So now we have four different ideas. How can we find 
out if any one of these four ideas is right? 
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Sure. We could pour out the contents of the vase. Milk would flow fast, Elmer’s glue would 
pour slowly, mayonnaise wouldn’t pour at all, and a powder would be, well, powdery. 

 
 
 
What we just did was use the same method of thinking that scientists use. Step 1 of the 
“scientific method” was seeing something that puzzled you, in this case, something white inside 
a glass vase.  
 
Step 2 was coming up with ideas to explain what we saw. Instead of “idea,” we’ll call it a 
hypothesis, because a hypothesis is an idea that we are going to test. My hypotheses were that 
inside the vase might be milk, Elmer’s glue, mayonnaise, or a powder of some type.  
 
Step 3 was figuring out what each hypothesis predicts, because we are going to design an 
experiment to find that prediction. To figure out what each idea predicts, you say to yourself, 
“if this idea were true, then such and such should 
happen, and I can find that with an experiment.”  
In our example, we predicted that each hypothesis 
would pour differently. 
 
So, Step 4 was simply designing the experiment to 
find the prediction. The experiment was simply to 
turn to vase over and pour out the contents.  
 
Which was the hardest step in the scientific 
method? The hardest step is Step 3, deciding what 
each hypothesis predicted.  
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Slide 3: Review of the scientific method 
 
So give me the steps in the scientific method again.  
 
What is step 1?  
 
Step 1 is seeing something that puzzles you. 
 
What is step 2? 
 
Step 2 is coming up with ideas that might explain 
what you saw. We call these possible explanations 
“hypotheses.” 
 
Step 3 is the hardest step: deciding what each hypothesis predicts. The reason it’s the hardest 
step is that whatever prediction you think of, you’re going to have to design an experiment to 
find that prediction. That means the prediction has to be something you can actually find with 
an experiment. So if you say that your hypothesis predicts the presence of tiny particles way 
out in outer space, that’s not a useful prediction, because how are you going to design an 
experiment to find your prediction? 
 
What’s step 4? 
 
Step 4 is designing and carrying out the experiment that will find whatever your hypotheses 
predict. 
 
That’s the scientific method. Seeing something that puzzles you, coming up with hypotheses to 
explain what you saw, deciding what each hypothesis predicts, and then designing an 
experiment to find the prediction.   
 

Slide 4: The experiment 
 
So let’s do the experiment.  
 
When we open the top of the vase, it looks smooth but 
by poking the contents, we see that the vase contains a 
powdery substance.  
 
What did we just learn from all this about our ability to 
see? 
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We learned that unless we get up real close to 
something, we can’t tell if what we’re looking at is a 
thin liquid, a thick liquid, something firm like 
mayonnaise, or something made up of tiny individual 
bits like flour. 
 
So sometimes we’re going to have to use a magnifying 
glass to understand what we’re seeing, and maybe 
even a microscope for things that are really tiny.  
 

 
 
 
 
 
 
Slide 5: Physical vs. chemical changes 
 
What color is this flour?  
 
Pink.  
 
It does look like pink flour, but is it really pink flour? 
 
I made this flour by mixing together red and white flour.  
 
Here is some white flour and some red flour. When I 
shake them together, I get what looks like pink flour. 
 
What happened when I shook the white and red flour 
together? One hypothesis for the pink flour is that it’s 
just red and white flour mixed together, and our brain is 
simply mixing the two colors into a single color - midway 
between red and white - pink! The reason the flour 
looked pink, then, was because of a physical change, not 
a chemical change, in the red and white flour. The two 
flours were just mixed together. 
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Another hypothesis for the pink color is that the red 
grains of flour somehow attached to the white grains, 
and each pair of red and white grains, together, formed 
an entirely new pink grain. In that hypothesis, the red 
and white grains underwent a chemical change, because 
together, they formed an entirely new type of flour 
grain, one that was colored pink.  
 
We now have two hypotheses to explain why the flour 
looks pink. One hypothesis says that the red and white 
grains are simply lying next to each other, and the other 
hypothesis says that the red and white grains of flour became attached to each other and 
changed into pink-colored grains.  
 
Take each hypothesis, and assume that it is correct. 
What does each hypothesis predict?  
If the red and white grains are simply lying next to each 
other, then we should be able to look at the pink flour 
under the microscope and still see the individual grains 
of red and white flour next to each other. And if I had a 
small enough tweezer, I would be able to pick out all the 
red grains and leave the white grains behind, so that we 
would again have two separate piles of white and red 
flour. 
 
If the red and white grains were attached to each other, though, we wouldn’t be able to see 
separate red and white grains of flour under the microscope, and there would be no way to 
separate the pink flour back into red and white flour. 
 
The experiment that would show that the two 
substances are simply mixed together but still separate 
would be an experiment that allowed us to separate the 
two substances again. 

 
So, the two things we’ve learned so far are, first, that in 
order to determine if something is made up of individual 
bits, we have to get up extremely close, even if it means 
using a microscope. 
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The second thing we’ve learned is that if two groups of individual bits are mixed together, they 
can look like a completely new substance simply because they mixed and mingled together, not 
because they’ve become attached to each other. 
 

Slide 6: Supporting the hypothesis 
 
The scientific method, then, begins with a puzzling 
observation for which you propose a possible 
explanation, a hypothesis. The hypothesis carries with it 
a prediction, a prediction that you try to find with an 
experiment.  
 
Do you think finding the prediction in the experiment 
proves the hypothesis? 
 
No, it supports the hypothesis, but doesn’t prove it.  
 
The reason that finding the prediction doesn’t prove the hypothesis, is that there may be 
another reason for the prediction besides the hypothesis. 
 
Suppose your classmate says he’s stronger than you. In a sense, that’s a hypothesis because it 
might be true, it might not be true.  
 
He proposes an “experiment.” The experiment is that you two race bicycles. 
 
Let’s think about this. 
 
If your classmate wins the bike race, he will claim that 
the reason he won was that he’s stronger than you.  
 
But there are other reasons for his winning the bike 
race besides being stronger than you. First off, his 
bike might be newer than your rusty old bike. Second, 
his bike might be a special racing bike, and yours a 
slower mountain bike. Third, his tires may be fully 
inflated, and yours only partially inflated. Fourth, his 
bike may have special gears that allow him to go faster than you. 
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So before you two race, how do you ensure that if your classmate does win, it wasn’t because 
of one of these four other reasons? How do you get control over these other four reasons and 
make sure they are not the reason for losing the race? 
 
The only way to control for these four other variables is to race with two identical bikes. That 
way, the four other variables are held constant, so they won’t be a factor in the outcome of the 
race. 
 
Thus, the first thing to keep in mind before doing an experiment is to ensure that the result of 
the experiment can only be due to one thing, because all of the other possible reasons for the 
outcome have been held constant, or as we say, 
“controlled.” 
 
The second thing to keep in mind is that even though 
you think you controlled for every other possible 
reason besides your classmate being stronger than 
you, there may still be another reason for his winning 
the race, a reason you didn’t think of and didn’t control 
for. What I’m saying is that Sherlock Holmes, the 
famous detective, was wrong. Sherlock Holmes said 
that when you’ve eliminated every possibility but one, however improbable that remaining 
possibility is, it must be the correct one. In theory, he’s right, but in reality, you can never be 
sure that you’ve ruled out every possibility but one. There may still be another possibility that 
you haven’t yet thought of. 
 
So if your experiment does find whatever your 
hypothesis predicts, all you can say is that the 
experiment supports your hypothesis, but doesn’t 
prove it. Why not? Because when you said that the 
hypothesis predicted a certain result, which the 
experiment found, you can’t tell me that the only 
reason the experiment found the prediction was 
because the hypothesis is true. There could have 
been another reason, a reason you didn’t think of, for 
finding what the hypothesis predicted. 
 

Slide 7: Using the scientific method 
 
Talk about puzzling. Water is puzzling. Water is visible, but it can disappear. Also, it has no 
shape of its own and is quite content to take the shape of whatever tries to contain it.  
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Do you think water is a single chunk, or is it made up of tiny 
bits, like flour?  
 

It looks like a solid chunk. 
Even if I get close, it still 
looks a single chunk.  
 
But I can pinch off drops 
of water and it’s still 
water.  
 
I could cut any one of 

these drops again and again, put it under a microscope and 
cut it again, and still have water. 
 
If I keep cutting smaller and smaller bits of water, 
eventually though, I’m going to be left with the tiniest bit 
of water possible, so tiny that if I cut it any more, it won’t 
be water.  
 
So, based on the fact that I can cut water into pieces smaller than I can ever see, even with a 
microscope, does that favor the idea that water is a solid chunk or that water is more like flour, 
made up of tiny bits?  
 
To me, it suggests that water is made up of individual 
bits. 
 
I would like to give these individual bits a name. What 
should we call the tiniest bit of water possible, so tiny 
that if we cut it in half, it won’t be water anymore? 
 
The early scientists living in the 1800’s chose the word 
“molecule” to mean the tiniest bit of anything. A 
“mole” to them was something tiny, and adding “cule,” 
which is Latin for smallness, indicated that it was 
something super tiny, so tiny you couldn’t even see it. 
“Mole” is still used today in the word “demolish,” 
meaning to destroy something into tiny bits. 
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So, the fact that I can cut up water into tiny, invisible bits suggests that water is made up of 
individual bits that, from now on, we’ll call “molecules.”  
 
As we’ll see in lesson 2, molecules themselves are made of even smaller bits called atoms that 
are bonded to one another.  
 

Slide 8: Food coloring 
 
What about these grains of food coloring? Are they also 
made up of molecules?  
 
When I drop these grains of food coloring into water, 
two things happen.  
 
First, they break apart and disappear, and then the 
water turns color.  
 
What do we call this process where a solid disappears 
into a liquid?  
 
Dissolving!  
 
How did the grains of food coloring disappear, and then 
color the water?  
 
What’s your hypothesis to explain how something solid 
could both disappear and at the same time color the 
water?  
 
If the grains of food coloring broke apart into individual 
molecules, how did those molecules of food coloring 
change the color of the water? 
 
One hypothesis to explain how molecules of food 
coloring changed the color of the water, is that the molecules of food coloring simply mixed in 
among the molecules of water, but remained separate from them. 
 
Another hypothesis to explain how the molecules of food coloring changed the color of the 
water is that the molecules of food coloring mixed in among the molecules of water and 
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attached themselves to the molecules of water, and the two together changed the color of the 
water forever. 
 
This is the same question we asked about the red and 
white flour. What do we need to do to decide whether 
molecules of food coloring and molecules of water are 
just intermingling, or are somehow attached to each 
other so that the water will now forever be of a certain 
color? 
 
One way to tell would be to find a way to separate the 
molecules of water from the molecules of food coloring. If 
we could separate them, it would suggest that the reason the water turned color was because 
the food coloring had simply wiggled in between individual bits of water without actually 
combining with them. 
 
How do we get rid of water?  
 
How do you get rid of the water on wet dishes after washing 
them?  
 
Sure. You can let them sit in a drain rack. What’s that process 
called where water disappears and leaves behind dry dishes? 
 
Evaporation! 
 
And how would you speed up evaporation and make the dishes dry 
faster? 
 
You could set up a fan and blow them dry. 

 
You could also turn up the heat in the room. 
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How about if I mix some food coloring in this pot of water, and then heat 
the mixture on this hot plate.  
 
If molecules of food coloring were simply mixing in between molecules of 
water,  and I now heat the water to evaporate away the water, what do 
you predict will happen to the molecules of food coloring? The food 
coloring will be left in the bottom of the coffee pot. 
 
If, on the other hand, the molecules of food coloring changed the color of 
the water by actually combining with the molecules of water, then after 
evaporating away the water, what do you predict would be left in the coffee pot? Any food 
coloring? 
 
No, because all of the food coloring, being attached to 
the water, would follow the water into the air. When we 
actually do the experiment, what you see at the bottom 
of the coffee pot are grains of food coloring. Which 
hypothesis is now favored -- that the molecules of food 
coloring mixed in between molecules of water and 
remained separate from the molecules of water, or that 
the molecules of food coloring mixed in between the 
molecules of water and combined with the molecules of 
water? 
 
The experiment supports the hypothesis that the molecules of food coloring simply mixed in 
between the molecules of water and remained separate from the molecules of water. How do 
we know this? Because we were able to re-separate the molecules of food coloring from the 
molecules of water. 
 

Slide 9: Molecules in motion 
 
In the previous lesson, I added red flour to white flour, and in order 
to make pink flour, I had to shake the red and white flours together. 
Why did I have to shake the red and white flours to get them to mix 
together?  
 
Sure. The red and white flours weren’t moving. 
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Yet, when I gently drop a grain of food coloring into this glass of water, I don’t have to shake or 
stir the water to get the food coloring to mix with the water. The food coloring automatically 
spreads throughout the water, without my having to do anything.  
 
That’s a puzzling observation, and I need a hypothesis to explain why 
I don’t have to shake or stir the water to make the food coloring 
spread throughout all the water molecules. 
 
What’s your hypothesis? 
 
One hypothesis might be that water molecules are like 
these marbles and the molecules of food coloring are 
like tiny grains of sand slipping in between the water 
molecules, like this. 
 
Another hypothesis is that the molecules of food 
coloring are the same size as water molecules, or maybe 
even bigger, but water molecules are continually moving 
and mixing, churning the molecules of food coloring in 
between the molecules of water. 
 
If molecules of water are continually in motion, this 
hypothesis predicts that small particles suspended in 
water would be continually bombarded by water 
molecules bumping into them, and the particles should 
be jiggling if viewed under a microscope. 
 
If, however, the molecules of food coloring color the 
water by simply slipping in between stationary, non-
moving water molecules, then any tiny particles 
suspended in water should be stationary under a 
microscope. 
 
The experiment, then, is to look through a microscope 
at tiny particles suspended in water, like these tiny fat 
globules in milk.  
 
And indeed, they’re jiggling, supporting the hypothesis 
that water molecules are continually moving. Currents 
in the milk make the fat molecules move but as they move, they jiggle. 



Copyright ©|Fascinating Education LLC|www.fascinatingeducation.com 

 

 

Slide 10: Brownian motion 
 
The first person to investigate why tiny particles jiggle in 
water was Robert Brown, almost 300 years ago. Brown 
was looking through a microscope at a plant’s pollen 
grains floating in water when he saw some extremely 
tiny particles jiggling inside the pollen grains.  
 
Jiggling is what puzzled Brown. What was causing the 
continual jiggling of particles inside pollen grains? 
 
Initially, Brown proposed that the jiggling came from 
some type of life force, but when he tested that 
hypothesis by looking at pollen grains that had spent 
months in alcohol and were clearly dead, he still saw 
the same jiggling. When he saw jiggling in things that 
had never been alive, like fine powder suspended in 
water, or powdered coal suspended in water, he knew 
that the jiggling had nothing to do with a life force. 
 
Brown considered the possibility that turbulence in the water was causing the particles to 
jiggle, but when the jiggling persisted even after allowing the particles to remain suspended in 
water for days at a time in a quiet room with no drafts, he had to reject this hypothesis, too. 
 
Brown thought that maybe evaporation of the water was somehow causing the jiggling, but 
when he covered the water sample with a layer of oil to prevent evaporation, the jiggling 
persisted. So he was forced to reject that hypothesis, too. 
 
Finally, he considered electrical repulsion between the particles, but when he couldn’t change 
the jiggling with electricity or magnetism, he had to reject that hypothesis, too. 
 
Brown was left no explanation for the jiggling, and it took about 80 years for scientists to accept 
that the jiggling was due to water molecules bumping into the particles. 
 
We now call this jiggling movement, you guessed it, Brownian movement, after Robert Brown. 
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The hypothesis that water molecules are in constant motion not only 
explains why we don’t have to shake a container of water when we add 
food coloring to it, but also why water is able to change shape so 
quickly and take on the shape of whatever container it’s in. Being free 
and constantly moving about, water molecules are able to immediately 
change their location to match that of the container. 
 

Slide 11: Energy 
 
We said before that when I added red and white flour together, 
they didn’t mix immediately because the red and white flour grains 
weren’t moving. What did shaking give to the red and white flour 
grains to get them moving?  
 

What do you need to jump 
around? 
 
Energy! 
 
If water molecules are in constant motion, but they need 
energy to move about, where are water molecules getting the 
energy to remain in motion? This is a puzzling observation. 
 

Heat is a good thought, but to find evidence to support that hypothesis, what does that 
hypothesis predict? 
 
If heat is providing the energy to keep water molecules 
moving, this hypothesis predicts that more heat will 
increase the movement of water. In other words, heat 
will increase the speed of water molecules, the number 
of collisions per second, and their force at impact, all of 
which means that added heat will cause water molecules 
to bounce further away from each other.  
 
What experiment could we design to show that added heat makes water molecules move 
about faster and bounce further away from each other?  
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If water molecules are bouncing around faster and 
pushing each other apart more, food coloring should 
spread faster through warm water than through cold 
water. So why don’t we measure how long it takes for 
grains of food coloring to spread through a glass of warm 
water versus a glass of cold water. 
 
Here are two square containers of water, the one on our 
left at a cool 50 degrees Fahrenheit, 10.0 degrees Celsius, 
and a warmer one on our right at 100 degrees 
Fahrenheit, 37.8 degrees Celsius.  
 
If you’ve never heard of Celsius temperature, the Celsius 
scale is used by the entire world except for the United 
States, Puerto Rico, and a few small countries. The nice 
thing about the Celsius scale is that water freezes at 0 
degrees and boils at 100 degrees Celsius, while on the 
Fahrenheit scale, water freezes at 32 degrees and boils at 
212 degrees Fahrenheit. The Celsius scale is easier to use 
for calculations, but the Fahrenheit scale stretches out 
the numbers so there’s less need for decimal points. An 
outdoor temperature of 76 degrees Fahrenheit is 24.4 
degrees Celsius. 
 
Back to our experiment. When an equal amount of food 
coloring is dropped into each glass, it takes much less 
time for the grains of food coloring to break apart and 
color the warm water on our right than in the cold water 
on our left.  
 
The result of this experiment supports the idea that water molecules in warm water are moving 
faster and colliding more frequently than water molecules in cold water. 
 
The hypothesis that heat increases the force of collision also predicts that as water warms, the 
additional energy allows the increasingly energetic water molecules to bounce further away 
from each other. This hypothesis, then, predicts that as water warms, it expands. The 
experiment that supports this hypothesis is a simple thermometer. As the temperature rises, 
the red-colored column of water expands upward. 
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Slide 12: Dissolving sugar 
 
The hypothesis that warm water carries with it extra 
energy that allows water molecules to bounce into each 
other more frequently, with more force, and further 
away from each other predicts that warmer water 
should dissolve more sugar than colder water. 
 
Let’s see if that prediction holds true, but this time let’s keep track of how much sugar we can 
dissolve at each higher temperature. How would you design the experiment? 
 
We’re trying to determine how much sugar we can dissolve in water at different temperatures. 
The only two things we care about are the amount of sugar we can dissolve in the water and 
the temperature of the water.  
 
Do we have to use the same volume of water each time we try to dissolve the sugar at a 
different temperature? Yes, because the more water we use at any one temperature, the more 
sugar we can dissolve in the water, so we have to control that variable. We have to keep the 
volume of water the same for every temperature.  
 
We’ll use 100 milliliters of water for every temperature. 
 
Let’s use water at 0 degrees Celsius, 20 degrees, 60 
degrees, and 100 degrees. 100 degrees Celsius is the 
temperature at which water boils, 212 degrees on the 
Fahrenheit scale. 
 
Here are the grams of sugar that we were able to 
dissolve at each of these temperatures. Any more 
than these amounts caused bits of sugar to settle to 
the bottom of the beaker. When we reach a point 
that no more sugar can be dissolved in the water, the 
water is said to be “saturated” with sugar. 
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What I would like to do is show these experimental results on a graph. Graphs are often the 
best way to show the results of an experiment because graphs give us a picture of what’s 
happening, not just words. 
 
Here’s how graphs work. First we draw a line from side 
to side, a horizontal line. We call this line the “X axis.”  
 
Next, we draw another line up and down, a vertical 
line. We call this line the “Y axis.”  The X and the Y axis 
do not have to be the same length, but the tip of the X 
axis has to touch the tip of the Y axis. 
 
The X axis is the temperature of the water.  
 
Here are the different temperatures for the water. Beginning where the X and Y axes meet, the 
temperature of the water is zero degrees Celsius, where water is ice cold.  
Every step to the right of the zero degree mark the temperature rises by ten degrees until we 
get to 100 degrees Celsius. 
 
Now the Y axis. The Y axis is the grams of sugar we are able to dissolve in the 100 milliliters of 
water. Beginning at the bottom of the Y axis, that’s zero grams. Each step upward adds 100 
grams, so the first line is 100 grams, the next 200 grams, and so on.  
 
Here’s how you plot out the graph. When we tried to dissolve sugar in 100 milliliters of ice cold 
water at zero degrees Celsius, we were only able to dissolve 179 grams. So, begin on the X axis 
and find the 0 degree mark. The 0 degree mark is where the X and Y axes meet. 
 
Now march up the Y axis until you estimate where 179 
grams would be, and place a yellow dot there. That 
yellow dot tells you that at zero degrees along the X 
axis, we were able to dissolve 179 grams of sugar 
along the Y axis. 
 
Where would you place the yellow dot for the 100 
milliliters of water at 20 degrees Celsius? At 20 
degrees we were able to dissolve 204 grams of sugar. 
 
Along the X axis, creep to the right until you get to 20 degrees Celsius. Then move upward, 
keeping an eye on the Y axis, until you reach what you think is 204 grams. Now put the yellow 
dot there. 
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For 60 degrees, move along the X axis to 60 degrees and then up to where you think 287 grams 
is on the Y axis. That’s our third yellow dot. 
 
The fourth yellow dot begins at the 100 degree mark along the X axis, and then we move up to 
487 grams on the Y axis. 
 
Now here’s the beauty of a graph. We can connect the yellow dots with a line that runs through 
all four dots. If we step back and look at the whole line, we see that this line shows us a trend. 
As the temperature rises along the X axis, the line rises, meaning we can dissolve more and 
more sugar in the water.  
 
The yellow line also allows us to predict how many grams of sugar we could dissolve at, say, 40 
degrees Celsius. Beginning at the 40 degree mark, move upward until you get to the graph line, 
and then look left to the Y axis. To my eye, that looks like about 245 grams. So I predict that we 
can dissolve 245 grams of sugar in 100 milliliters of water at 40 degrees Celsius.  
I love graphs, because you can see what the experimental results are trying to show you instead 
of having to imagine it. .  
 

Slide 13: Crystalizing sugar 
 
Why is sugar water sweet? Is it because sugar molecules mixed in between water molecules, 
and we’re just tasting the sugar molecules, or is sugar water sweet because sugar molecules 
attached to the water molecules and together they 
became a new, sweet molecule?  
 
What experiment could we do to support the 
hypothesis that sugar molecules only mixed in 
between water molecules without actually attaching 
to them? 
 
We need an experiment that demonstrates that we 
can re-separate the sugar and water molecules from 
each other. We did that with the grains of food 
coloring by heating the water to make it evaporate faster. 
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If, instead of heating the water, we just hang a crystal of sugar into a 
saturated sugar solution and leave the sugar water in a quiet corner of the 
room, what do you predict we’ll see?  
 
It’s now a few days later and we see a growing crystal of sugar on the 
string. As the water evaporated, the sugar molecules dissolved in the 
water had to come out of solution and attach themselves to the growing 
sugar crystal. 
 
Our ability to make crystals of pure sugar means we were 
able to re-separate sugar and water molecules from the 
sugar solution. This experiment supports the hypothesis 
that the sugar and water molecules never combined into a 
new molecule, because if they had combined into a single 
molecule, we would not have been able to re-separate the 
sugar molecules from the water molecules. 
 
We are now ready to study molecules. We’ve talked about 
molecules quite a bit, so what are molecules? Let’s go on 
to Lesson 2. 
 


